China is the most populated country in the world, but has relatively little fertile land, and even less water. Maintaining the quality of its agricultural land is of paramount importance if China wants to feed its very large and growing population. Yet, China is one of the countries with the largest amount of polluted soil. This paper looks at the causes and distribution of soil pollution in China. It first looks at the amount of organic and inorganic soil pollutants and their geographic distribution. It then looks at the causes of soil pollution, making the distinction between agricultural activities, industrial activities, and urbanization. Pollution from agricultural activities stems primarily from the excessive amounts of pesticides and fertilizers used on farmland, and is mainly located in the south, where most of the food is produced. Pollution from industrial activities is due to airborne industrial pollutants that fall on to the land, and is mainly located in the west of the country, where most manufacturing activities take place. Pollution from urbanization is mainly due to the very large amount of solid, liquid and gaseous waste generated in a small area with insufficient treatment facilities, and exhaust fumes from vehicles, and is located around the largest cities, or roads. The result is that one fifth of China's farmland is polluted, and an area the size of Taiwan is so polluted that farming should not be allowed there at all.
Introduction
The problem of soil degradation, in particular soil erosion, is not unknown to Chinese people. In Northern China, people have long been suffering from dust storms from the arid Loess Plateau, a problem which the government started to address in the 1980s through a series of environmental conservation programs. In the late 1990s the government also initiated the largest forest conservation and reforestation programs in the world, in most of the central and western provinces (DELANG & YUAN, 2015) . The problem and the extent of soil pollution are not well known in China. People do know that not all the food they eat is healthy, but they do not know the scale of the problem. Indeed, up until very recently, little was known of the true extent of soil pollution in China, since the government has consistently refused to make comprehensive soil pollution data public.
In 2013, Beijing's lawyer Dong Zhengwei requested soil pollution data from the Ministry of Environmental Protection, including information on the causes and methods for dealing with the problem. The request was declined on the grounds that the data was a "state secret". Nevertheless, at the end of 2013, the government released limited information on soil pollution, partly because of the strong public reaction against that refusal. Despite the lack of details, the released data caused widespread concern (HE, 2014a) . In April 2014, the government issued a more comprehensive report about the country's soils (HE, 2014b) . The report shows that 16.1% of the soil samples (19.4% for agricultural soils) are contaminated with organic and chemical contaminants, as well as heavy metals and metalloids such as lead, cadmium, and arsenic (ZHAO . Chinese officials say that an area the size of Taiwan is so polluted that farming should not be allowed there at all (WONG, 2014) . In this paper, I first describe the amount and geographic distribution of inorganic and organic pollutants in soils. I then look at the sources of pollution, dealing in turn with agricultural activities, industrial activities, and urbanization.
Amount and geographic distribution of heavy metals in soils
Contaminated soils with high amounts of heavy metals (for example cadmium [Cd] , chromium [Cr] , and lead [Pb] ) can set off a phototoxic reaction in plants, decreasing crop yields. Moreover, the roots of plants can absorb these heavy metal pollutants, which accumulate in the crops and damage the health of the people who eat them. The bioaccumulation of heavy metals in the body can lead to severe health issues including abnormalities of the skeletal system, lung diseases, and cancers (LIU .
According to a 2014 survey on the heavy metal and metalloid contamination of soil, in China 16.1% of the sampled land was contaminated by mercury (Hg), arsenic (As), cadmium (Cd), and lead (Pb); agricultural lands were primarily polluted by mercury, arsenic, cadmium, lead, copper (Cu), DDT, nickel (Ni) , and polycyclic aromatic hydrocarbons; grasslands, forests, and unused lands were primarily affected by arsenic, cadmium, and nickel pollution. Cadmium ranked highest with 7% of the soil samples being polluted, followed by nickel (4.8%), arsenic (2.7%), copper (2.1%), and mercury (1.6%) ( Table 1 ). Inorganic pollutants also exceed standards, although not to the extent of organic pollutants (ZHAO ET AL., 2015). * Soil pollution is divided into five classes according to degree: soils with a pollutant level that does not exceed the quality standard are viewed as non-polluted; soils with levels that are not more than 2 times the maximum are viewed as being polluted lightly; soils with levels that are between 2 and 3 times the maximum are mildly polluted; soils with levels between 3 and 5 times the maximum are moderately polluted; and soils with levels that are more than 5 times the maximum are severely polluted (MEP, 2014) .
ZHANG emphasized the importance of calculating the amount, origin, and spatial distribution pattern of heavy metals in soils, to establish quality standards for the different regions and estimate the potential impact of soil pollution on food safety and human health.
Distribution of cadmium in soils
Cadmium (Cd) is the most commonly found soil contaminant of all heavy metals in China. LI argue in that in the surface dust of cities, Cd mainly originates from tire wear, engine oils, coal combustion, waste treatment, the metal finishing industries, and the production and application of pesticides and fertilizers. Many provinces have Over Limit Sites (OLSs) (Fig. 1 ), but they are most prevalent in the provinces of Guizhou (Fig. 1E) and Hunan (Fig. 1F) , and south of the Yangtze River. Field surveys conducted by WANG ET AL., (2016) in eight towns in Youxian (Hunan Province) showed that in 90% of the study area the Cd content in the soil of rice paddies exceeded the permissible limit of 0.3 mg kg −1 , averaging 0.228-1.91 mg kg −1 .
The highest distribution was found at Weining (Guizhou Province), home to the world's largest germanium mine. Cadmium OLSs were also found in Shandong, Henan, and Tianjin (Fig. 1D) , all of which are densely populated regions with significant economic activities, as well as the Liaodong Peninsula in north-east China (Fig. 1C) , a major heavy metal industrial region. The highest cadmium concentration (578 mg/kg, hundreds of times more than the allowed amount) can be found in the soils of Lanping County (Yunnan Province), close to the massive lead-zinc deposit in Jinding (DUAN ET AL., 2016). In (C) (D) (E) (F) and (G), Over Limit Sites (OLSs, red dots) were grouped into 4 classes: 1-3, 3-5, 5-10, and >10 according to the multiples of the limit value (Cd: 1 mg/kg)
Distribution of lead in soils
High levels of lead (Pb) are another major threat to ecological and human health (LI ET AL., 2016). Sources of lead emission include engine oil, vehicle exhaust, tire wear, bearings, smelting, and oil products. Many cities in southern China are facing an acute lead contamination crisis. Two economically and demographically significant conurbations, Shanghai (Fig. 2E) and Guangzhou (Fig. 2G) , have particularly high concentrations of lead in their soil. Hezhang County in Guizhou Province (Fig. 2F) , important for its lead and zinc mines, also shows dense lead OLSs. According to the available data, the highest density of lead in the soils in China (30,430 mg/kg) was found in Sanming, in close proximity to a lead and zinc smelting facility (Fig. 2G ) (DUAN .
While fewer and lower density lead OLSs occurred in northern China than in southern and eastern China, there are still a number of places with relatively high concentrations. As an example, the Liaodong Peninsula in north-east China (Fig. 2D) , as well as the strip of land between Chengxian (Gansu Province) and Xi'an (Shaanxi Province) ( Fig. 2C ) have relatively high concentrations of lead OLSs. This is attributable to the geographical location of Chengxian, which sits in the prominent lead-zinc mineral belt of Xihe-Chengxian, where a massive mining zone has been excavated since the Ming Dynasty (DUAN ET AL., 2016). 2.3. Distribution of zinc (Zn), arsenic (As), copper (Cu), and chromium (Cr) in soils According to ZHANG ET AL. (2016a), zinc (Zn), copper (Cu), and chromium (Cr) concentrations were attributable to the soil's parent rocks, and were also reflected by the spatial distribution of mineral surface structures, such as carbonates, organic matter, or clay. On the other hand, the high concentrations of lead (Pb), cadmium (Cd), and copper (Cu) in the topsoil of agricultural lands were mostly due to human activities. While Zn, As, Cu, and Cr are scattered across the lands of China, they are not as densely distributed as cadmium or lead. According to Fig. 3 , the occurrence of zinc, arsenic, copper, and chromium OLSs is relatively rare. Of the 1789 sites sampled for zinc (Zn), the vast majority of the 199 zinc OLSs were located in southern China (Fig. 3A) . Many of the Zn OLSs are situated in the Yangtze River watershed, from Guizhou Province to Shanghai, forming a cluster in Hezhang and Weining counties (Guizhou Province) (Fig. 3E) and Jishou (Hunan Province) (Fig. 3F) . In southern China, there are several Zn OLSs in the province of Fujian, especially in the cities of Sanming and Nanping (Fig. 3K) , which are close to Pb and Zn mines and smelters. The situation of Xinxiang (Henan Province) (Fig. 3J ) is similar in this respect. The highest distribution of Zn OLSs was observed in Lanping County in Yunnan Province, with a Zn concentration of 49,210 mg/kg, which is 164 times as high as the standard Zn threshold limit value (DUAN ET AL., 2016).
High arsenic (As) content in the soil is primarily attributable to arsenic-contaminated groundwater. Of the 1339 sites included in the research, 70 arsenic OLSs were identified, primarily distributed in the north China Plain, especially in Tianjin Municipality and Jinan City (Shandong Province), with some others scattered across southern China. The largest As OLS is located in the city of Tongling along the bank of the Yangtze River (Fig. 3H) , with a concentration of 2300 mg/kg, which is 51 times as high as the standard maximum value of 45 mg/kg. In the region of the Pearl River basin, As OLSs were found around Hechi City (Guangxi Province) ( Fig. 3M ) (DUAN .
Of the 1997 copper (Cu) sampling sites, 101 Cu OLSs have been identified. The majority of copper OLSs were located on the south-eastern coast (Fig. 3C ), forming a cluster in Guangzhou City (Fig. 3L) . However, the largest copper OLS was found in Baoding City (Hebei Province), where the densest Cu concentration was 33,010 mg/kg, 165 times as high as the standard maximum value of 200 mg/kg (DUAN ET AL., 2016).
Chromium (Cr) is viewed as a serious environmental pollutant, and is emitted by the steel, leather, and textile industries, among others (ZHANG ET AL., 2016b). Luckily, Cr OLSs are rare (Fig. 3D ). The highest Cr OLS is located near Fuzhou (Fujian Province) ( Fig. 3N) , with a Cr concentration reaching 875.59 mg/kg, about 2.5 times as high as the standard maximum value of 350 mg/kg. ZHANG ET AL. (2016b) estimated the risk that Cr in arable soil poses on food safety in China, and concluded that agricultural practices should be suspended on 0.13% of the arable land in the country due to their heavy Cr contamination, while 1.26% of the soil faces a high risk of Cr pollution (DUAN ET AL., 2016).
Soil pollution from agricultural activities
The rapid economic growth and urbanization over the last thirty years have brought about substantial changes in the diet of China's population. In particular, there has been a shift from the grain-centered diet towards a more diverse diet: the significant increase in incomes has created a demand for more animal protein, and highquality vegetables and fruits. Between 1980 and 2002, the contribution of cereals and starchy roots to the average daily per capita calorie intake decreased by 17.4% and 13.5%, respectively. On the other hand, during the same period, the contribution of vegetables and fruits to people's diet increased by 260% and 500%, respectively (CHEN, 2007) . Accordingly, soils previously used for cultivating crops like grains and starchy roots have been gradually transformed into lands for more highvalue crops. Over the period of 1978-2014, the total land area used for cultivating grain crops dropped from 120.6 million ha to 112.7 million ha, while the land area used for oil-bearing crops increased from 6.2 to 14 million ha, that for vegetables increased from 3.3 to 21.4 million ha, and that for orchards increased from 1.6 to 13.1 million ha (an increase by 2.3 times, 6.5 times, and 8.2 times, respectively) ( Fig. 4) (CHEN, 2007; NBSC, 2015) . Changes in food consumption habits and a market-oriented approach to agriculture in China have called forth the structural reorganization of the country's agricultural system. Modifications in crop composition and crop yields fundamentally affect the way lands are utilized and managed, thereby also changing the capacity and nutrient cycles of soils. Different crop compositions require different nutrient supplies, as well as a specific balance of plant minerals applied to the soil, which also changes the physical and chemical properties of the soil. For example, the nutrient uptake of fruits and vegetables is significantly higher than that of cereal crops. Because vegetables have relatively underdeveloped root systems and an intensive growth and biomass accumulation period, they need a quicker soil nutrient release than cereals. On the other hand, oil-bearing crops need an ample supply of potassium (soybean kernels contain about 5 times more potassium than cereal crops).
These are some of the reasons underlying the high and growing levels of soil pollution generated by agricultural production. They lead, in particular, to the application of a growing amounts of fertilisers and pesticides, the production of additional amounts of animal excretion, and the use of wastewater for irrigation (DELANG, 2017) . These issues are now discussed in turn.
Soil pollution by wastewater irrigation
Water sources in China are highly uneven, which results in an imbalanced water availability for irrigation. According to LU , the Yangtze and Pearl River basins, and the southeast and south-west river basins, produce only 40% of the total national grain yield, while over 70% of the water resources can be found in these regions. On the other hand, about 50% of the grain produced in China comes from the Songhua, Liaohe, and Haihe River basins in northern China, which only have 20% of the water resources (CHINA WATER RISK, 2016). Fig. 5 shows the mismatch between water resources and farmland in China's main agricultural provinces. The area with the greatest water scarcity in China is the north China Plain, which has 33.8% of the national cropland, but only 3.85% of the country's water resources (DELANG, 2016b). The water scarcity in semi-arid and arid regions encourages water recycling. Since the 1950s, farmers have had to use urban and industrial wastewater (including sewage) to water their farmland, orchards, and vegetable gardens (CHEN, 2007) . Wastewater and sewage sludge is rich in nutrients such as nitrogen, phosphorus, and potassium, therefore it can effectively improve the nutrient content of the soil to support crop growth (BAO ET AL., 2014). However, the use of untreated wastewater and sewage for irrigation can also increase the metal content in the soil and crops (including Cd, Pb, Cu, and Zn) (CHENG, 2003) .
In China, approximately one third of the industrial effluent, and over 90% of the domestic sewage, is discharged untreated into rivers and lakes. Nearly 80% of China's cities (278 of them) have no wastewater treatment plants, and only a few of them plan to build one. A national survey revealed that in 1995, 3.62 million ha (about 1.6 times the affected area in the early 1980s) was irrigated by polluted water and sewage. This corresponded to 7.3% of China's total irrigated area, or 10% of the total land area irrigated with surface water. The area of lands directly irrigated with untreated urban sewage and industrial wastewater totaled 0.51 million ha (CHEN, 2007) . In general, surface water contamination affects northern China more seriously than southern China, particularly the regions of the Haihe River, Yellow River, and Huaihe River basins (LU . On the other hand, about 40% of China's agricultural land was irrigated with groundwater, of which 90% was polluted, 60% of it seriously (QIU, 2010; WEE & JOURDAN, 2013) .
Tests showed that many crops are contaminated with heavy metals. As long as farmers continue to use untreated wastewater for irrigation, the contamination of the soils will continue, which will continue to damage crop quality and pose a direct threat to human health. In 2013, the government promulgated the "Arrangement for soil environment protection and comprehensive treatment work" to prohibit the practice of using wastewater contaminated with heavy metals or persistent organic pollutants for irrigation (LU ET AL., 2015). However, enforcing this rule is difficult, especially in northern China, due to the lack of good quality water. The authorities support farmers' efforts to drill deeper wells for irrigation, but this is only a temporary solution, while the original problem of polluting the rivers persists (CHINA WATER RISK, 2014). LU argues that the government devotes little attention to the potential long-term effects of wastewater irrigation, and the resulting food safety issues. Since the public is not fully aware of the low quality of food stuffs, there are fewer pressures on the government to address the issue.
Soil pollution by overuse of fertilizers
Even though the overuse of fertilizers leads to soil contamination and food safety issues, agriculture in China largely relies on the use of chemical fertilizers (YANG, 2012) . YANG & FANG (2015) 's survey in five counties in east-central China to examine farmers' fertilizer application practices showed that 74% of the farmers in Shandong Province and 47% of the farmers in Shanxi Province have explained their increasing use of synthetic fertilizers with the decreasing use of organic fertilizers, and having to offset the decline in soil fertility. Furthermore, to keep inflation in check, the government has been imposing profit caps on farmers. As a result, many farmers have been struggling to make a living, which forces them to increase their crop yields through greater use of synthetic fertilizers.
As depicted in Fig. 6 , the country's use of synthetic fertilizers has been steadily growing since the early 1960s, to meet the food demand of a huge population with a comparatively small agricultural area. According to China's Vice Minister of Agriculture, Zhang Taolin, chemical fertilizer use has increased by 5.2% a year over the last three decades (PATTON, 2015) . By 2008, the country's total fertilizer consumption amounted to 52 million tons, which is more than one-third of the global consumption of fertilizers. Despite these efforts, the growth rate of agricultural output has been slowing down since the 1990s (SUN ET AL., 2012).
Nitrogen (N), phosphate (P), and potassium (K) fertilizers are the three main chemical fertilizers used in China. According to LIU (2014), they are often applied in the proportion of 1:0.5:0.5, and internationally recognized limit for their maximum safe usage is between 225 kg per ha (CCICED, 2006) and 250 kg per ha (LIU, 2014) . In China the amount applied is much larger: in 2011-2012 over 400 kg of fertilizers were applied per ha according to CHEN (2014) , 480 kg per ha according to LIU (2014), 516 kg per ha according to LU , and 647.6 kg per ha according to the World Bank (PATTON, 2015) . Not all provinces apply the same amount of fertilizers. According to LIU (2014) the south-eastern part of China has significantly higher fertilizer application rates than the northwestern part of the country. Fertilization rates in Fujian, Guangdong, Henan, Hubei, and Jiangsu exceed 690 kg ha -1 . The highest fertilization rate, about 908.7 kg ha -1 , was found in Fujian.
Nitrogen fertilizers are by far the most common (Fig. 6) , and China has become the world's largest producer and consumer of synthetic N fertilizer (SMIL, 2013) . The national average annual amount of nitrogen fertilizer use reached 230 kg N ha -1 in croplands, which is the third largest in the world after Korea and Japan. Data from the Soil and Fertilizer Institute of the Chinese Academy of Agricultural Sciences (CAAS) reveal that the average levels of N fertilizer consumption exceed the internationally set threshold in half of the Chinese regions (YANG, 2012) . In some provinces, the average N fertilizer use exceeds 400 kg ha -1 (in Guangdong Province it is of 448.5 kg ha -1 , Fig. 7) , and in some counties with vegetable farms it is over 1000 kg ha -1 (SUN ET AL., 2012). The highest application rates of phosphate fertilizer, about 259.8 kg ha -1 , were found in Henan, while the highest application rates of potassium fertilizer, about 264.73 kg ha -1 , were found in Fujian (LIU, 2014) .
Besides fertilizer overuse, there is also misuse. Since the 1980s, the effectivity rate of fertilizer application has been decreasing. According to Yang, "only about 30% of the fertilizers China uses actually does any good, much lower than the 40 % rates in western nations". A survey carried out by the agricultural authorities in Henan Province found that "only one-third of the three million tons of fertilizer used in the province was actually absorbed by crops" (YANG, 2012) . A nationwide survey of pollution sources in 2007 showed that the total nitrogen loss from cropland was about 1.6 million tons, of which some 320,000 tons was from surface runoff and over 200,000 tons from underground leaching. The total phosphorus loss was of about 108,000 tons (SUN ET AL., 2012). 
Soil pollution by waste from livestock
Intensive animal farming has spread rapidly across China over the last decades (Fig. 8) , resulting in the production of substantial amounts of waste (SUN ET AL., 2012). Chinese farmers used to recycle and compost organic materials, such as animal waste, to guarantee high concentrations of organic matter and mineral nutrients in the soil. However, due to the rising costs of labor and rapid economic growth and urbanization, the recycling rate of organic matter has significantly dropped over the last decades, particularly in the more developed provinces of east and south-east China.
In 2007, the N and P discharge from human and livestock excretion exceeded the amount of synthetic fertilizers, and has become the primary source of non-point source (NPS) pollution in China. In 2007, livestock and poultry farming generated 243 million tons of waste, and 163 million tons of urine; the amount of N and P discharged from animal excretion totaled 1,024,800 and 160,400 tons, respectively. Unfortunately, the majority of livestock are kept by small farmers who ignore waste discharge regulations: 90% of animal farms in China have no or inadequate waste disposal or treatment plants. Ignoring the guidelines for the safe handling and storage of waste causes serious contamination (JU ET AL., 2005).
Organic manure makes up only 35 % of the total amount of fertilizers applied to the land (JU ET AL., 2005). However, organic fertilizers are not safe either. Huang Hongxiang, a researcher at CAAS's Institute of Agricultural Resources and Regional Planning, points out that even though chemical fertilizers pollute the land and the environment, lower the quality of the soil, and affect the taste of crops, they are not toxic themselves. According to the researcher, organic fertilizers derived from animal excrements are the real cause for concern. The reason behind this is that in the past, chickens and pigs used to be grain-fed, whereas now "pig fodder might contain antibiotics and hormones, while chicken fodder can contain a range of chemicals" that can pollute the soil when their manure is used to fertilize crops (YANG, 2012). 
Increasing use of pesticides
For over 10 years, China has been the largest buyer of pesticides in the world, with the average amount of pesticides applied per unit area being double the global average (SUN ET AL., 2012). In 2000, organochlorine and organophosphorus pesticides made up over 39.4% and 37.0% of the total pesticide use, respectively, and the highly toxic organophosphorus and aminoformin pesticides made up 67.0% of the total amount of insecticides used. These pesticides are primarily sprayed on vegetables, fruit bearing trees, and cereal crops (rice and wheat). The utilization of pesticides has significantly boosted China's agricultural productivity (LU ET AL., 2015). According to ZHANG , during the growing process, 78% of fruits, 54% of vegetables, and 32% of cereals would be lost without the use of pesticides. Overall, the use of pesticides in China has prevented the loss of 89.44 million tons of cereals, 1.65 million tons of cotton, 2.53 million tons of oilseeds, and 78 million tons of vegetables.
However, pesticides are also highly toxic, and beyond a certain amount, they no longer help to boost agricultural output. Instead, they end up in the soil and water in amounts that exceed the ability of the natural environment to absorb, dilute and decompose them. According to ZHANG ET AL. (2011), only about 1% of these toxic substances does any good, while the other 99 % will reach non-target soils and contaminate the water bodies and the atmosphere to eventually get absorbed by other living organism.
According to CHINA WATER RISK (2014), aware of the problems caused by excessive use of fertilizers, pesticides, and wastewater for irrigation, farmers sell their contaminated crops in the market and buy their own food, or reserve a portion of land for their own personal use, on which they do not apply these chemicals.
Soil pollution from industrial activities
The extensive mining and smelting with poor environmental standards over the last decades has resulted in large amounts of heavy metal contaminants affecting farmlands through atmospheric deposition, waste transportation, and irrigation with wastewater and sludge. This problem has been particularly important in southern China, which contains large mineral deposits (LU ET AL., 2015).
Soil pollution from coal mining
Coal is the most abundant energy resource in China. China's 12th Five-Year Plan (2011 proposed the construction of 16 large coal power stations to meet the country's huge demand for energy. Unfortunately, coal power production is a water-intensive operation, and most coal mines are found in the drier areas in the north of the country (Fig. 9) . The coal reserves in the dryland areas in Inner Mongolia AR, Ningxia AR, and Shaanxi Province are estimated to amount to 250 billion tons. The coal reserve of Xinjiang AR comprises 35% of the total coal reserves of the country. In these areas, coal competes with agriculture for water. Fig. 9 shows the distribution of coal mines in China and the local precipitation. Inner Mongolia, which is China's largest coal-producing area, possesses 26% of China's coal reserves, but only 1.6% of its water (GREENPEACE, 2012) . The exploitation of coal supplies brings serious ecological problems (LADA, 2010) . Surface mining (also known as open cast, mountaintop, or strip mining) involves removing the top layers of the soil and rocks to dig the coal closer to the surface. In many cases, "mountains may be blasted apart to reach thin coal seams within, leaving permanent scars on the landscape as a result" (GREENPEACE, 2016) . According to Greenpeace, surface mining devastates landscapes, woodlands, and wildlife habitats when the vegetation and topsoil are destroyed and cleared. This destructive practice results in soil erosion and the ruination of arable land. Although coal companies need to submit sound mine reclamation plans before starting their mining activities, the rehabilitation of water supplies, ecosystems, and air quality is a long and difficult process. In particular, re-seeding the native vegetation is challenging due to the extensive damage inflicted on the soil during the mining. Worse still, if a coal mining company goes bankrupt, the expensive mine reclamation process may not be completed. According to a 2004 estimate, coal mining in China devastated 3.2 million ha of land, but only 10-12% of the degraded land area was rehabilitated (SUN ET AL., 2012).
Underground coal mines can cause subsidence when a mine collapse occurs and the surface land starts to shift downwards. On average, 0.2 ha of land sinks per 10,000 t of mined coal. Subsidence also results in massive amounts of soil and waste rock being exposed to the surface, some of which may be toxic and come into contact with soils (SUN ET AL., 2012).
About 73.5% of Inner Mongolia's grasslands already suffers from land degradation, and open-pit coal mining has only worsened the desertification process. Deng Ping, a campaigner for Greenpeace China pointed out that "In order to dig out the coal, you need to pump out the water". During this process, the extracted water becomes contaminated. Coal mining "has destroyed huge areas of grassland and destroyed the water system" (ROBERTS, 2015) . According to the Hulun Buir Grassland Supervision Station and the Inner Mongolia Grassland Survey and Design Institute, the areas affected by grassland degradation, desertification, and salinization in Inner Mongolia totaled 3.982 million ha at the beginning of this century, which means that the size of the affected area almost doubled since the 1980s, when it was 2.097 million ha (GREENPEACE, 2012) .
Even when the negative environmental impacts from the extraction of coal are minimized, the burning of coal causes air pollution, which degrades the vegetation and the soil. CHEN (2007) argued that high coal burning rates made China have the highest levels of soot and SO2 emissions in the world. As a result, China has been affected by high acid deposition levels with SO2 being the main pollutant. An increasing number of site-specific field studies and leaching experiments suggest that acid rain contributes to soil degradation, particularly in the southern and south-eastern parts of China (DELANG, 2016a) (Fig. 10) . 
Pollution by industrial emission
Industrial emissions are a significant source of air pollution. When the airborne toxic chemicals and heavy metals fall back to the ground, they pollute the soil. Industrial emissions are some of the major sources of heavy metal pollution in China. While the concentration of Cadmium (Cd) in the atmosphere is relatively low (usually below 1.0 pg/L) in rural areas without industrial activities, industrial areas show significantly higher values, reaching up to 100 pg/L. Soils in industrial areas can absorb Cd from the air and through precipitation. As a large agricultural country, China also produces large quantities of mercury (Hg) emissions from biomass burning (HUANG ET AL., 2011). Biomass burning includes the outbreak of open fires (such as forest and grassland fires, and crop residue burning in fields) and biofuel combustion (such as crop residues and wood used as fuel).
Greenpeace has examined official statistics to conclude that the iron and steel industries are the largest contributors to cadmium and lead pollution in China, but there is also a considerable overlap between regions producing nonferrous metals and crop producing areas (GREENPEACE, 2014) . Table 2 shows the top ten provinces producing nonferrous metals. Among them, Inner Mongolia, Shandong, Henan, Jiangxi, Hunan, and Xinjiang AR are also major grain crop producers (Fig. 5) . 
Soil pollution from urbanization
Urbanization is one of the major social trends affecting the planet. China has a relatively low level of urbanization. However, being the country with the largest population, it is also home to the world's largest urban population (CHEN, 2007) . Starting with the economic reform of 1978, China experienced a dramatic increase in urban population, from 17.9% to around 55% of its population by 2015 (STEINBOCK, 2010) . The rapid urbanization along with the rapid economic growth over the last three decades, has exacerbated the problem of agricultural land scarcity and soil pollution in China.
First, urbanization withdraws the best land from cultivation. Cities have historically been formed near the most fertile lands. When the cities expand, the new buildings are built on that farmland. Urbanisation has contributed to the growth rate in agricultural output slowing down since the 1990s (Fig. 6) .
Second, as pollution is concentrated, it cannot dilute to levels that are manageable by the natural environment. Soil pollution problems are much more severe in ecological deficit areas and in densely inhabited conurbations because of the concentration of pollutants. For example, crudely disposing of sewage and waste from a big city creates water or land pollution. However, the same number of people and the same volume of sewage might not create a problem if it were created in 10 smaller cities or 100 small towns. The same is true for acid deposition caused by the high concentration of pollutants emitted in cities.
China's ecological footprint (people's impact on the ecosystem) has been steadily increasing over the years, while the biocapacity (the capacity of the productive land to provide resources as well as to eliminate waste) has been gradually decreasing. In the 1960s, China's ecological footprint per capita was about 1 gha (global hectares, which represents the productive capacity of one hectare of available land, at global average biological productivity levels), about the same as its biocapacity (Fig. 11) . At that time, China's economy could be said to have been sustainable. By 2012, China's ecological footprint per capita reached 3.38 gha, while its biocapacity had dropped to 0.94 gha, as a result of environmental degradation. In 2012 the per capita ecological footprint was 3.6 times higher than the available biocapacity (FOOTPRINTNETWORK, 2016) . However, the situation is worse in its largest urban areas. In 2009, the per capita ecological footprint in Shanghai and Beijing was about 4 gha, which was 13 times larger than the local biocapacity. For comparison, during the same year, the biocapacity of Yunnan province exceeded its ecological footprint (WWF, 2014). The disposal of waste did not always lead to soil contamination. In past centuries, people primarily used natural materials (coming from plants, animals, or the minerals found in the soil), therefore the waste and by-products were mostly organic (carbon-based) and would gradually decompose. However, during the 20 th century, new types of synthetic materials, such as plastics and composites, have been invented, which the environment takes much longer to decompose. For instance, it can take up to 500 years for plastic to decompose. And while recycling simple items like newspapers or aluminum cans is relatively easy, it is much more challenging to do the same with more complex objects that are made from composite materials.
According to CHEN (2007) , urban and industrial soil contamination is responsible for one-third to half of the total contaminated arable land area in the country, with a higher density in the ruralurban transition zones. Owing to the rapid industrialization and urbanization over the last thirty years, China's municipal solid waste (MSW) production has also increased significantly. FU reported that the volume of MSW reached 180 million tons in 2010 and was projected to reach up to 210 million tons in 2015 (Fig. 12) . ZHENG provides comparable data of 1.12 kg MSW produced in China's cities, per capita in 2015; but ZHANG ET AL. (2015) suggests that this amount may be greater in large cities such as Beijing, Shanghai, and Guangzhou. In 2011, CBI CHINA (2011) predicted that the total amount would likely reach 323 million tons by 2020, and 480 million tons by 2030. Although the percentage of MSW that is treated has been steadily increasing, the amount of waste has also been growing, by 8 to 10% a year. Zhang et al., 2015) While the total amount of municipal solid waste is increasing rapidly, the capacity of municipal solid waste management facilities is both limited and insufficient. It was estimated that accumulated amounts of untreated municipal solid waste had reached 7 billion tons in urban areas by 2000. In 2013, 10% of municipal solid waste was still left untreated (Fig. 12) . In terms of the safe disposal rates in different regions, the safe disposal rates in coastal regions (Beijing, Shanghai, and the provinces of Tianjin, Shandong, Fujian, Jiangsu, Zhejiang) and western regions (Qinghai, Sichuan, Guizhou, Yunnan, and Shaanxi) are higher than in the central inland regions (Shanxi, Henan, Anhui, Hunan, and Hubei) (Fig. 13) (CHEN ET AL., 2010). Severe soil contamination not only occurs at and around garbage disposal sites, which occupy an estimated total area of over 55,000 ha in China, but also in the extensive rural-urban transition zones where municipal solid waste landfills are under little control (CHEN, 2007) . 
Road construction and vehicle pollution
With the rapid development of the economy, automobiles have become more affordable. As a result, traffic-related pollution has developed into a significant contributor to urban environmental degradation and public health problems (LI . While road construction may lead to soil erosion, the traffic itself contributes to the accumulation of heavy metals. Many studies showed that traffic-related pollution can result in the accumulation of some heavy metals such as Pb (lead), Cd (cadmium), Zn (zinc), and Cu (copper) in both the soil and plants along roads, primarily attributable to vehicle emissions and the abrasion of roads (LI . Some roads and highways have a "belt" of contaminated land from trafficrelated pollution. Alongside these roads, damages to vegetation and the change of the surface soil layer structure causes land degradation (LADA, 2010) . For example, Li et al.'s study in Lanzhou (Gansu Province) showed that soils along roads contained higher concentrations of Zn, Pb, Cd, Hg (mercury), Cr (chromium), and Cu than park soils, with the concentration of Hg in roadside soils exceeding the levels of Hg in park soils by 71.4%. LI concluded that traffic-related pollution is a significant contributor to urban soil degradation (LI .
Similarly, HAN ET AL. (2009) carried out an investigation on the 532 km long Shen-Ha Highway from Shenyang (Liaoning Province) to Harbin (Heilongjiang Province), where about 50,000 vehicles traveled daily. The results showed that vehicle emissions were one of the major sources of heavy metal pollution in the area. Pb was the major contaminant found in the soils in the area surrounding the Shen-Ha Highway, and the most polluted area was 20 to 40 m away from the highway, posing an immediate threat to the ecological environment, especially the cropland in the fields adjacent to roadsides (HAN ET AL., 2009; YAN ET AL., 2013).
Conclusion
Concerns have been growing nationwide over the issues of soil degradation and the availability of arable land. In late 2013, a national soil survey published by China's Ministry of Land and Resources reported that the area of lands suitable for cop production was gradually decreasing due to soil degradation, pollution, and urbanization. The survey revealed that between 2006 and 2009, 0.2% of China's arable land had become degraded due to these processes, and 2.5% of the land was declared unfit for farming due to the presence of heavy metals and other contaminants (HE, 2014c) .
The state of soil erosion and soil pollution raise deep concerns in China, especially because China has little agricultural land per capita. Natural factors play an important role in the soil degradation process since many areas are prone to water erosion, wind erosion, and freeze-thaw erosion. On the other hand, soil pollution is mainly attributable to human activities. One of the constraints that have led to soil pollution is the problem of water scarcity. Farmers solve this problem by applying industrial wastewater and urban sewage, which pollutes the soil and has direct consequences on the quality of the food grown. In addition, farmers apply large amounts of fertilizers and pesticides, well beyond what is necessary to grow food and kill pests. This increases soil pollution, and gradually leads to soil degradation. From the perspective of farming, there is also the problem of pollution from livestock waste, which contains considerable amounts of antibiotics.
In addition to the detrimental practices of farmers, sources of soil pollution include the general processes of industrialization and urbanization, which indirectly result in soil pollution through the deposition of air pollutants. As this paper has hinted to, soil pollution is very difficult to address, because the causes of soil pollution are diverse, and are closely related to the production of food or the industrial activities that form the backbone of the Chinese economy. Addressing soil pollution involves reforming the economic activities that are the backbone of the Chinese economy. This can only be done at high economic costs, which in the present climate of a slowing economy is difficult to implement or justify. Nevertheless, China has finally officially acknowledged that there is a problem with its soils, and is starting to address it.
